ABSTRACT This study investigates the integrated approach of spice extracts and modified atmospheric packaging (MAP) chicken meat preservation. Specifically, extracts from clove (CL), cinnamon (CI) individually and in combination (3% w/w) along with MAP (30% CO 2 /70% N 2 and 10% O 2 /30% CO 2 /60% N 2 ) were used to increase the shelf life of fresh chicken meat stored at 4
INTRODUCTION
Chicken meat consumption has increased in recent decades in numerous nations and chicken is also an exceptionally perishable item because of its high nutrition and water content (Linda et al., 2016) . Deterioration of meat can occur due to microbial development, oxidative decay, and enzymatic activity, which lead to discoloration, accumulation of off-flavors and off-odors, and changes in organoleptic properties making it unsuitable for consumption. With the increased interest in health, there is an extraordinary interest in developments that increase the shelf life of poultry meat. The microbial quality of meat is strongly influenced by meat type, processing, distribution, and storage conditions. During storage, the most important factors influencing the growth and composition of microorganisms are temperature variations and packaging atmospheres (Nychas C et al., 2008) . Microorganisms connected with the decay of poultry meat include bacteria such as, Pseudomonas spp., Lactobacillus spp., Enterobacteriaceae, yeast, and mold which cause quality changes. (Ioannis and Stratakos, 2012) .
Preservatives obtained naturally from plant sources have been utilized for a considerable length of time as a part of food preservation. Spice and herb concentrates, apart from adding to taste and flavor, can improve storage quality due to the presence of active compounds such as phenols, alcohols, aldehydes, ketones, ethers, and hydrocarbons, particularly in cinnamon, clove, garlic, mustard, and onion. The inhibitory action of clove extract against various gram-positive and gram-negative bacteria in meat and meat products was recorded by several researchers (Blaszyk and Holley, 1998) . Foremost antimicrobial constituents in clove and cinnamon have been recounted to be eugenol and cinnamaldehyde, which have been given superior consideration regarding their antibacterial activity against food borne pathogens. Eugenol has been reported to suppress the development of Escherichia coli and Listeria monocytogene (Bullarman et al., 1977) .
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Cinnamaldehyde has been accounted as suppressing the development of Staphylococcus aureus, E. coli, and Salmonella Typhimurium (Bowles et al., 1995) . The combination of 3% clove and cinnamon aqueous extract infused edible film extended the usability of chicken meat to 15 days with significant organoleptic properties (Radha krishnan et al., 2014) .
The application of modified atmospheric packaging at refrigerated storage for meat has reduced spoilage and helps in reducing environmental influence during storage. (van Velzen and Linnemann, 2008) . High centralizations of CO 2 in the headspace of meat bundles will restrain microbial development (Molin, 2000; McMillin, 2008) . Chicken breasts stored under of 30%CO 2 /70% N 2 showed an extensive reduction of microbial growth from 4 log to 1.5 log, revealing that even a low accumulation of microorganisms can be achieved using modified atmospheric packaging (MAP) (Hulankova et al., 2010) .
The present study investigates the combined effect of extracts and modified atmospheric packaging on shelf life extension of chicken meat. This work specifically investigates the impact of both individual and combined effects of clove and cinnamon extracts along with modified atmospheric packaging on shelf life of chicken meat in terms of microbial, physicochemical, and sensory attributes.
MATERIALS AND METHODS

Preparation of Extract
Both clove (Syzygium aromaticum) and cinnamon (Cinnmomum cassia) in dried form were acquired from Nuts and Spices Supermarket, Chennai, India. The plant products were individually powdered using a coffee grinder and then 10 g of dried powder were refluxed with 90 mL of distilled water for 1 hour to obtain a 10% w/v spice water extract. This was cooled, filtered, and stored at 4
• C. The extract can be further diluted to 3% immediately before time of use. The combined extract was obtained by mixing diluted extracts in 1:1 (v/v) ratio. (Radha Krishnan et al., 2013) 
Sample Preparation
Chicken meat was collected from a local poultry meat dealer in Chennai. The fillets were placed on ice at subzero temperature in insulated polystyrene boxes, and transported to the laboratory within 1 h of the chopping process. The chicken meat samples of 100 g were dipped in 3% CL (clove water extract) extract, 3% CI extract (cinnamon water extract), or a 3% CL and CI extract mixture with a ratio of 1:1 and packaged under modified atmospheric packaging conditions with 2 different gas compositions, M1 10%O 2 /30%CO 2 /60%N 2 and M2-30%CO 2 /70%N 2 in Polyethylene/Polyamide barrier pouches, 175 μm in thickness, having an oxygen permeability of 12 cc/m2/day/atm at 75% relative humidity (RH), 23
• C, and a carbon dioxide permeability of 37 cc/m2/day/atm at 75% RH, 23
• C (Naas et al., 2013). The MAP gas mixtures were prepared using a PBI DANSENSOR MAP MIX 9001 gas mixer (Ringsted, Denmark). Pouches were heat sealed using a BOSS model N48 vacuum sealer (Bad Homburg, Germany) and stored at 4
• C. Similarly, chicken samples without extract treatment were also packaged in MAP with M1 and M2 for comparative assessment (Meredith et al., 2014) . Fresh air packaged chicken samples were used as control. Samples were analyzed at time intervals of 0, 3, 5, 7, 9, 12, 15, 18, 21 , and 24 days of storage.
pH Analysis pH was determined using the method of AOAC (2012) with slight modification. A 10 g portion of the sample was homogenized in 100 mL of distilled water and the mixture was filtered. Then the pH of the filtrate was analyzed using a Systronic india, Chennai.
Microbiological Analysis
Chicken meat of weight 10 g was homogenized in 90 mL of sterile distilled water aseptically in a stomacher blender (Scienres systems, Bengaluru) and serially diluted. For enumeration, 0.1 mL of the diluted homogenate from each dilution was taken for spread plate. Total viable Count (TVC) was quantified utilizing plate count agar with incubation at 37
• C for 48 h. Pseudomonas agar base supplemented with cetrimide-fucidin-cephaloridine was used to enumerate Pseudomonas spp after 48 hours incubation at 25
• C. Lactic acid bacteria (LAB) were enumerated utilizing Lactobacillus de Man, Rogosa and Sharpe (MRS) agar after 72 hours incubation at 37
• C. Enterobacteriaceae were quantified utilizing violet red bile glucose agar with incubation at 30
• C for 48 h (Economou et al., 2009) .The platings were carried out in duplicate.
TBARS Analysis
TBARS analysis of malondialdehyde (MDA) accumulation was done to examine the lipid peroxidation in chicken samples. Nearly 1 g chicken sample was homogenized in 0.25% thiobarbituric acid (TBA) in 10% trichloroacetic acid (TCA). The mixture was heated at 95
• C for 15 min, cooled in an ice bath, and centrifuged at 12000 g for 10 min. The absorbance of the supernatant was read at 532 nm and corrected by subtracting the absorbance of the sample at 600 nm. The blank was 0.25% TBA in 10% TCA. The concentrations of lipid peroxides were quantified in terms of MDA levels (Tajik et al., 2014) .
Color Values
The crude chicken samples were assessed for their color utilizing a HunterLab UltraScan VIS shading spectrophotometer (Hunter Associates Laboratory Inc., Reston, VA). Color was portrayed as L * (lightness), a * (redness), and b * (yellowness) color space values. Estimations were made opposite to the chicken surface at 5 distinct areas for each example and mean qualities (L * , a * , and b * ) from the specimens were examined.
Sensory Analysis
Chicken meat was cooked in a microwave oven (LG MC2146BP 21 L) at high power for 4 min including defrosting time. A board of 7 judges experienced in chicken assessment was requested to assess the taste and odor intensities of the cooked examples. Fresh chicken breast meat underwent the same cooking procedure and was used as reference. Acceptability of smell and taste were assessed utilizing a scale running from 0 to 9. The accompanying scale points indicate; 9-incredible, 8-great, 7-acceptable, <6-poor (for off-odor, off-taste advancement) and a score of 6 was taken as the lower extreme of palatability. The item was characterized as unsatisfactory after development of off-smell or off-taste (Rossaint et al., 2015) .
Statistical Analysis
The results reported in this work are the mean values of 3 measurements and the level of significance was set at of P < 0.05 in the analysis. Mean values of various parameters were analyzed and compared by one-way ANOVA with the use of Statistical Package for the Social Science (SPSS) software (version 18.0).
RESULT AND DISCUSSION
pH Analysis
The application of CL and CI spice extracts along with MAP resulted in significant difference (P < 0.05) in the pH of uncooked chicken meat during refrigerated storage (Figure 1) . The initial pH of the chicken sample was 5.45. The pH values of the chicken meat were measured on every third day which varied progressively with reference to storage time. The increases in pH values during the storage period may be due to the production of basic compounds such as ammonia, trimethylamine, as well as other biogenic amines by meat spoilage bacteria (Fraqueza et al., 2012) . The mutual effect of oxygen deficiency and antibacterial properties of combined extract reduced the bacterial growth which results in reduced pH of 7.11 on M2-CL+CI followed by M2-CI and M1-CL+CI with 7.32 and 7.38 on day 24 of storage.
Microbiological Analysis
The microbial analysis for a storage duration of 24 days results in variations in the total viable count, • C. (A) untreated meat with air package with A-Control, M1-10%O 2 /30%CO 2 /60%N 2 , M2-30%CO 2 /70%N 2 , CL -treated with 3% cloves water extract, CItreated with 3% cinnamon water extract, and CL+CI -3% clove and cinnamon extract mixture in a ratio of 1:1. LAB counts, Pseudomonas spp. counts, and Enterobacteriaceae counts for with and without extract coated and MAP packaged samples stored at 4
• C. The demonstrative TVC of fresh, good quality chicken poultry meat was 4.3 log cfu/g (Dawson et al., 1995) . Enumeration results above 7 log cfu/g for TVC were considered as spoiled meat. The initial value of TVC for the control samples were around 5.32 log cfu/g meat which was reduced to 5.17, 4.83, and 4.32 log cfu/g after dipping in CL, CI, and CL+CI, which increased consistently with storage time. Air packaged samples reached 6.7 log cfu/g on day 6. Both samples packed in M1 and M2 without extract showed 7.18 and 7.09 log cfu/g on day 15. This may be due to the extension of the lag phase by the presence of higher CO 2 levels in the package. Compared to the other samples M2-CL+CI showed 6.51 log cfu/g followed by 6.85 log cfu/g in M2-CI towards the end of 24 days (Figure 2 ). The TVC of extract dipped and M1 packed samples were significantly (P < 0.05) lower than extract dipped M2 packaged samples.
Initial lower counts of LAB of 2.86 log cfu/g progressively increased and reached a level of 7.56 and 6.73 log cfu/g in control and untreated M1 sample respectively • C. (A) untreated meat with air package with A-Control, M1-10%O 2 /30%CO 2 /60%N 2 , M2-30%CO 2 /70%N 2 , CL -treated with 3% cloves water extract, CItreated with 3% cinnamon water extract, and CL+CI -3% clove and cinnamon extract mixture in a ratio of 1:1. (Figure 3 ). Subtle counts of 4.92 log cfu/g LAB was maintained in M2-CL+CI samples till 24 th day, followed by 5.02, 5.26 and 5.35 log cfu/g in M2-CI, M2-CL and M1-CL+CI on day 24 of storage. Subsequently LAB is a facultative anaerobe, and their counts for other samples are analogous until the end of storage time (Gill et al., 1990) . The combination of CL+CI with the blend of M2 has the best impact in reducing the population of LAB during storage at 4
• C. The main spoilage microorganism in meat comprise mostly Pseudomonas spp which is a gram-negative bacteria and very sensitive to higher CO 2 levels under MAP packaging (Jay, 1986) . The MAP packaged samples, both M1 and M2, show significant differences (P < 0.05) compared to the control samples (Figure 4) . The synergistic effect of collective CL+CI extract with MAP M2, without O 2 and a higher CO 2 level, gives the best impact in lowering the Pseudomonas count of 4.88 log cfu/g, which shows 1 log reduction compared to other samples, followed by 5.11, 5.32, 5.56, 5.68, and 5.87 log cfu/g in M2-CI, M2-CL, M1-CL+CI, M1-CI, Figure 5 . Effect of spice extracts with MAP on the Enterobacteriaceae counts of raw chicken meat stored at 4
• C. (A) untreated meat with air package with A-Control, M1-10%O 2 /30%CO 2 /60%N 2 , M2-30%CO 2 /70%N 2 , CL -treated with 3% cloves water extract, CItreated with 3% cinnamon water extract, and CL+CI -3% clove and cinnamon extract mixture in a ratio of 1:1. • C. (A) untreated meat with air package as A-Control, M1-10%O 2 /30%CO 2 /60%N 2 , M2-30%CO 2 /70%N 2 , CL -treated with 3% cloves water extract, CI -treated with 3% cinnamon water extract, and CL+CI -3% clove and cinnamon extract mixture in a ratio of 1:1. and M1-CL respectively on day 24 of storage. Control sample reaches 6.72 log cfu/g on day 15 of storage.
The counts of Enterobacteriaceae, a purity pointer (Zeitoun et al., 1994) , were 2.3 cfu/g for good quality chicken meat. Development of Enterobacteriaceae under MAP conditions were very slow when compared to the air packaged sample. M1 and M2 reached 5.14 and 4.93 log cfu/g on day 24 of storage ( Figure 5 ). Whereas all the samples which were extract treated and M1 MAP packed reached nearly 4 log cfu/g on day 9 of storage. The combined CL+CI with MAP M2 had the best effect in reducing the counts to 3.97 log cfu/g on day 24 of storage, followed by 3.87 and 3.96 log cfu/g for M2-CI and M2-CL on day 18 of storage.
Color Values
All the samples were inspected for color estimation (Lightness L * , redness a * , yellowness b * ) until day 24. The lightness L * values decreased progressively and the reduction was at a faster rate in control followed by the untreated M1 and M2 samples (Figure 6 ). The reduction of L * was controlled in the extract coated M2 • C. (A) untreated meat with air package as A-Control, M1-10%O 2 /30%CO 2 /60%N 2 , M2-30%CO 2 /70%N 2 , CL -treated with 3% cloves water extract, CI -treated with 3% cinnamon water extract, and CL+CI -3% clove and cinnamon extract mixture in a ratio of 1:1. packed samples followed by M1. The redness of the meat starts declining gradually during storage. The redness declination rate was comparatively higher in control followed by untreated M1 and M2 samples (Figure 7) . All the treated MAP packaged samples showed significant differences (P < 0.05) until the end of storage and the redness was retained to a certain level in M2-CL+CI, followed by M2-CI and M2-CL on day 24 of storage. There was also a significant decrease in yellowness b * (P < 0.05) until day 24 of storage ( Figure 8 ). The b * values (yellowness) were well retained in all the treated and MAP packaged samples when compared to the untreated MAP packaged samples, which was also reported earlier in turkey meat (Dhananjayan et al., 2006) .
TBARS Analysis
The oxidative rancidity was measured by TBA value. The accumulation of MDA results due to the underlying response result of polyunsaturated fats with oxygen (Fernandez et al., 1997) . A statistically significant difference (P < 0.05) was observed in TBA values of the M1 MAP samples containing CL, CI, and CL+CI (FigFigure 9 . Effect of spice extracts with MAP on the lipid oxidation of raw chicken meat stored at 4
• C. (A) untreated meat with air package as A-Control, M1-10%O 2 /30%CO 2 /60%N 2 , M2-30%CO 2 /70%N 2 , CL -treated with 3% cloves water extract, CI -treated with 3% cinnamon water extract, and CL+CI -3% clove and cinnamon extract mixture in a ratio of 1:1. ure 9). All the M2 sample results showed no significant change in MDA accumulation during the storage period, which may be owing to the lack of head space O 2 in the package. The M1-CL+CI samples indicated the strong antioxidant effect of the combined extracts, which act as radical scavengers. Reduced accumulation of MDA in the M1-CL+CI samples that had 10% oxygen in the package head space may be due to the antioxidant properties of clove and cinnamon extracts.
Sensory Analysis
Sensory estimation of chicken samples, both untreated and treated MAP packaged samples, are given in Table 1 . A scoring of 9 shows that the fresh cooked samples had a pleasant odor and taste on the initial day of storage. The meat samples treated with spice extracts (CL, CI, CL+CI) impart a characteristic but agreeable odor and taste with respect to the control samples. The control reached the lower acceptability limit (7 points) on day 6 followed by M1 and M2 on day 9 of storage. The treated M1-CL, M1-CI samples reached the borderline on day 12, tailed by M2-CL and M2-CI on days 13 and 14 of storage, respectively. Samples treated with combined extracts and packaged under M2 and M1 gas compositions preserved the organoleptic properties until days 24 and 21, respectively. These findings indicate that the use of extracts would reduce the accumulation of the food borne pathogen population and also reduce the measure of offflavor and off-taste due to lipid oxidation in meat.
CONCLUSION
The evaluation of the synergistic effect of extract coating and modified atmospheric packaging on preservation of quality raw chicken meat showed that M2-CI+CL helps in decreasing the level of lipid oxidation below 0.5 mg MDA/kg of meat on day 24 of storage. The combined impact of CI+CL extract and the oxygen deficient M2 MAP package reduces the growth and Table 1 . Effect of extracts and packaging on sensory qualities of chicken meat stored at 3
• C for 24 days.
